Abstract. Through this paper we study losses that occur in a photovoltaic system by making simulations using the following software: Pspice and PVSYST, emphasizing the moment when the PV cells are shaded or covered, namely when the level of irradiation is not uniform throughout the module. In technical literature, the irradiation degree of solar panels is one of the determining factors for PV systems to function in optimal parameters. In this paper we modeled the effect of shading and covering of photovoltaic cells with PSpice software simulator.
Introduction
The present shadow casting study on the solar surface was made on a 2 kWp photovoltaic plant grid connected. At first, simulations were made using the software PVSYST, which proved to be effective for analyzing various types of autonomous systems / grid connected, in combination or not with other systems that can produce energy from renewable sources. By choosing this software, we used it's advantage that it highlights the losses arising from the PV panels shading. The software allows simulation of different scenarios, either by changing area / area affected by shading or by changing their position or obstacles, to the photovoltaic system considered. It also offers the possibility to perform calculations of losses caused by shading, animations can be achieved either by imposed scenarios in particular times or in longer periods of time set before [6] .
PVSYST software provides information about the sun trajectory corresponding to location where the system is analyzed, providing information about the losses caused by shading in various periods of the year. In the second stage for studying closely the shading phenomenon, we used circuit analysis program, PSpice, to see the effects that occur both at the cell level and panel level, in the same conditions. For this study we considered two cells connected in parallel with the same characteristics, analyzed in various conditions. For the study to be complete, we took into account the wiring of the two cells in series, so it can take into account the covering effect of the photovoltaic cells. For detailed observations of this phenomenon that occur in photovoltaic modules, we considered three scenarios for the study of the phenomenon mentioned above.
PV system sizing and evaluation of losses using PVSYST software
For our system, the chosen location was Bucharest. The software updates its weather database listed in the table in Fig.1 , data that helped us to calculate all the output parameters, depending on the position of the sun during the time of the year and the angle it has during the measurements. Some very important factors for the study of photovoltaic cells are the degree of irradiation and the average temperature of the surveyed sites [1] . In the After establishing the geographical coordinates and characteristics of zonal factors, a very important step was the choice of components that would comprise the system itself. The software allowed the choice and setting of all components by their own library, which is up to date because of external links to manufacturers' pages. For each system principle schemas was created ( Fig.3.) , which are present in all main elements: the consumer, and of course photovoltaic panels inverter. Parameters were set for each user in advance [6] . From this point, we designed the model, so that we could simulate the shading phenomenon. For this, we placed an obstacle, i.e. a tree near the panels, which at different times of the day shade the panels that comprise the PV central.
PVSYST software allowed us to view the losses occurring whilst the panels are shaded. For this view, we chose February 15 th 2011 to see the evolution of losses during the day. In order to calculate these losses, the data entered in the first stage, which referred to the path of the Sun in February for the analyzed case, when according to Fig.4 losses have reached 11%, was taken into account. Losses, regardless of their nature are very well highlighted in the report the software provides to the end of the simulation, in the following picture is shown data loss for the whole year. (Fig.5.) . [6] After the quantitative evaluation of the power loss, we find it very important to better understand which are the main causes of occurrence of such loss in photovoltaic panels, specifically in the cells that make up the system, so in the second stage of analysis we used the PSpice circuit simulator to model the system in these situations. [3] 
Study of cells affected by shading with PSpice software
We simulated three situations using PSpice that will be further presented, in which we used two amorphous silicon cells, similar to the composing plant modules studied previously.
A. Both cells have the same degree of irradiation
In this situation we subjected both cells in parallel, the same conditions of irradiation. We chose the brightness of G = 1000W/m 2 , this value is considered optimal by the manufacturer, for the operation of photovoltaic panels. Following the simulation seen in Fig.6 , the currents through both cells are the same, and the resulting current consists of the sum of the two, reaching maximum power of 0.5 A. Maximum power corresponding to these parameters reach somewhere around 0.2 W. 
B. The two cells have different levels of irradiation
In this case we analyzed the same structure, with two cells connected in parallel, but each was subjected to a new level of irradiation. Thus for one of them it has been preserved irradiation conditions of the first case, G = 1000 W/m 2 , and for the other was applied a level of irradiation of G = 500 W/m 2 , equivalent to its shadowing. The simulation showed various values of currents through the two cells. For the lit cell, current value is kept at 0.25 A, similar to the first case. Instead, the measured current on the shade affected cell decreased by half. Note that the value of the light level for shaded cell is 50% lower than in the first case. So basically the irradiation percentage decrease of light to a photovoltaic cell is very close to the percentage reduction of the current produced by the affected cell. Since the cells are connected in parallel, the total current value is lower by 25% compared to the first case presented. Default and power fell by 25%, being directly proportional to the current value (Fig.7) [3] . 
C. One of the cell has optimal degree of radiation and the other has radiation zero degree
In the latter case, we considered one of the cells in complete darkness with the brightness G = 0 W/m 2 , while the other remained in optimal conditions of irradiation. As it can be seen in Fig.8 , the current dropped to zero, as expected, for the cell that was not illuminated. For the other cell, we kept the value of 0.25 A, which actually gave the total amount of current through the entire structure analyzed. Maximum power value was halved in this case compared to the first situation Fig.8 . 
Study of cells affected by covering with PSpice software
In order to understand the phenomenon that occurs when the PV cells are affected by opaque layers, we put into the same conditions two PV cells wired in series. 
E. The two cells have different levels of irradiation
The case when the cells have different levels of irradiation is a common situation (for example, the presence of dirt in one of two cells wired in series). In this case, we modified the previous net list as it follows: we considered cell number 2 with an irradiance level of 700 W/m 2 , whereas cell number 1 receives an irradiance level of 1000 W/m 2 . To obtain these modifications, we changed the value of the voltage source, that represents the value if irradiance in the less irradiated cell [3] . The simulation result can be seen in Fig.11 . As seen in the Fig.11 , the two PV cells wired in series, generate a short-circuit current equal to the one generated by the less irradiated cell. At this short-circuit situation, the voltage drop in the uncovered cell is +0.53 V, and for the covered cell is -0.53 V. Thus, the total voltage for the two cells wired in series is zero. The power of the two cells, in this case is 1.75 W. So, in this case, the less irradiated cell is under reverse bias.
F. One of the cell has optimal degree of radiation and the other has radiation level 10 times smaller
The less unfortunate situation is when one of the two cells wired in series is completely covered, so the irradiation level is near to zero W/m 2 . To observe what happened in this case, we reduced the irradiation level in cell number 2 to 100 W/m 2 , and we obtained the results showed in 
Conclusions
By the analysis presented in this paper, we tried to highlight the losses caused by shadow casting on the surface of photovoltaic panels. At first, using the software PVSYST, we pointed out the existence of these losses throughout the day, but also for longer periods of time. It could also be observed that these losses are differentiated by the position of sun in the sky at various times of the year. And in the second stage, carrying out simulations in PSpice software, we found the source of the loss in photovoltaic systems. In the first part we took into consideration the losses that occur in PV cells wired in parallel, and in the second part we analyzed the losses in the cells wired in series. We analyzed two situations that can cause losses in PV cells: shadowing and covering of PV cells. The present study was realized for two PV cells, in order to observe clearly the phenomena that occur and their behavior. This small scale analysis can be extended for an entire PV module or a PV plant.
The two types of simulations are complementary, each having the purpose of highlighting certain aspects of the studied problem. PVSYST software detected the losses, and framed them within certain limits, for the location and the studied system. PSpice program, with the purpose to clarify the response of the studied system in various situations. By combining the two types of simulations, the effectiveness and applicability in trials that aim the study of efficiency of photovoltaic systems has been proven.
